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PROCESS FOR PRODUCING A MULTILAYER FLAT FILM CONTAINING A POLYAMIDE 

5 

The invention relates to a process for producing a multilayer flat film 
containing a polyamide layer and a layer of another polymer. 

The art of producing multilayer flat film and the problems that may arise 
therein are described in the publication "Effects of flow instability in co-extruded films", 

1 0 Tappi Journal 1 992, pages 205-21 1 . One of the most important problems mentioned 

therein is the occurrence of deviations in the thickness distribution of the various layers at 
the edge of the multilayer film. As a solution to this problem it is suggested to modify the 
shape of the die for one of the layers so as to compensate for the occurrence of the 
thickness differences. This approach has the drawback that the processing window, which 

15 should be taken to mean the set of machine settings at which the film can be produced, 
becomes very narrow. For example, the output speed and thus production rate are limited 
and must be maintained within narrow limits, because the extent to which the undesired 
side effect occurs is dependent on the output speed and thus the required modification of 
the die is also dependent on that speed. Another suggested solution is to provide a 

20 temperature profile in the dies. This solution has the same drawbacks as those mentioned 
earlier. It is also suggested to align the molecular weights of the various materials. It will be 
clear that this will change certain material properties and thus also the properties of the flat 
film formed. Thus, in many cases a film having the desired properties will not be obtained. 

Polyamide is a material that is commonly applied in multilayer films, and 

25 the problem described arises also when polyamide is applied. As a rule, the polyamide 
layer is intended to impart barrier properties to the film, whilst the layer of the other 
polymer imparts another property to the film, for example water-tightness, tear strength or 
a good gloss. 

The invention aims to provide a process for producing a multilayer flat 
30 film containing, besides a polyamide layer, also at least another polymer and that can be 
applied in a wide processing window without any modification being required for a die. 

This aim is achieved according to invention by the polyamide layer being 
essentially formed from randomly branched polyamides at least composed of units derived 
from: 
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a. AB monomers, which are understood to be a monomer possessing both a carboxylic 
acid group (A) and an amine group (B), 

b. at least one compound I, being a carboxylic acid (A v ) with functionality v > 2 or an 
amine (B w ) with functionality w > 2, 

5 c. at least one compound II, being a carboxylic acid (A v ) with functionality v > 3 or an 
amine (B w ) with functionality w > 3, with compound II being a carboxylic acid if 
compound I is an amine is or with compound II being an amine if compound I is a 
carboxylic acid, wherein the amounts of units derived from all carboxylic acids and 
amines in the polyamide satisfy formula 1 

10 

P<1/[(Fa-1).(F b -1)] (1) 

where: 

15 P^PK^fOlx/PKMJlv (2) 

where P < 1 and either X = A and Y = B or X = B and Y = A and 
F = E(n,f i 2 )/S(n,f i ) (3) 

20 

for, respectively, all carboxylic acids (F A ) and amines (F B ), wherein f j is the functionality 
of a carboxylic acid (Vj) or amine (W|), ni is the number of moles of a carboxylic acid or 
amine and the summation is conducted for all units derived from carboxylic acids and 
amines in the polyamide. 
25 These give films with a highly uniform appearance, without the 

irregularities caused by gels. The specified branched poiyamdies are known from WO- 
00/35992 and the definitions given there for the various components in the above formula 
apply here also. In particular compound I and compound II are also understood to be 
mixtures of several carboxylic acids having the same functionality or mixtures of several 
30 amines having the same functionality. 

In most cases, when the specified branched polyamide is used as a 
polyamide layer in the production of multilayer flat film, the occurrence of the undesired 
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side effects proves to be prevented also when the customary rectangular dies are used. It 
is thus possible to produce multilayer flat film in a stable manner and at high speeds in a 
wide processing window without any modification of dies. 

This favourable effect occurs in particular when polyethylene is used as 
5 the other polymer and more in particular when the polyethylene is a non-linear 

polyethylene. The production of multilayer flat film is a technology known per se, usually 
employing the co-extrusion technique. Here, the materials for the various layers are melted 
in separate extruders and transported to an extruder head equipped with one or more 
outflow openings. The various molten streams are then in molten condition contacted with 

1 0 each other across the desired width. This can be effected by for example positioning the 
dies, from which the various materials emerge, one directly above the other or in parallel 
or by contacting the various materials with each other already in the head and expelling 
the formed multilayer product through a common die. The formed, molten multilayer film is 
then cooled and rolled. The process according to invention may employ the known 

1 5 techniques of making multilayer flat films. 

Highly suited for application in the processs according to the invention is 
branched polyamide wherein caprolactam is the predominant monomer unit. The branched 
polyamide may contain minor amounts of a non-branched, linear polyamide, for example 
up to 10 wt.%. The polyamide may also contain the customary additives, for example 

20 grafting agents, lubricants, antistatics, anti-blocking agents, colorants and stabilizers. The 
latter equally applies to the layer of another polymer to be discussed below. 

The polyamide consists essentially of branched polyamide, which means 
that, besides the branched polyamide, an amount of non-branched polyamide may also be 
present. This amount should be so limited that the favourable effects of the use of the 

25 branched polyamide are not lost to an unacceptable extent. Preferably at least 50% of the 
polyamide in the polyamide layer is branched polyamide and more preferably at least 75 % 
and even 90%. The favourable effect of the presence of the branched polyamide is most 
manifest when all polyamide in the layer is branched polyamide. Mixtures of different 
branched polyamides may also be used as branched polyamide. 

30 Suitable materials for the other polymer layer in the process according to 

invention are all film-forming polymers, in particular the branched forms thereof. Especially 
suitable as a material for another polymer layer is polyethylene. Examples of suitable 
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ethylene polymers are all thermoplastic homopolymers, producible with the known 
catalysts such as Ziegler-Natta, Phillips and metallocene catalysts, of ethylene and 
copolymers of ethylene having as comonomer one or more a-olefinen with 3-10 C atoms, 
in particular propylene, isobutene, 1-butene, 1-hexene, 4-methyl-1-pentene and 1-octene. 
5 The amount of comonomer normally is between 0 and 50 wt.%, preferably between 5 and 
35 wt.%. Such polyethylenes are also known as for example high-density polyethylene 
(HOPE), low-density polyethylene (LDPE), linear low-density polyethylene (LLDPE) and 
linear very low density polyethylene (VL(L)DPE). Non-linear ethylene polymers are 
preferred. In addition, branched polypropylene with a Melt Flow Index preferably between 

1 0 0.5 and 5 g/10 min is highly suitable as a material for the other polymer layer. Suitable 
polyethylenes have a density of between 860 and 970 kg/m 3 . 

The advantages of the process according to invention, in particular as 
regards the width of the processing window, become particularly manifest when non-linear 
polyethylene is used as other polymer. Examples hereof are the LDPE and HDPE 

1 5 described above. 

As a rule, in the process according to the invention the polyamide layer 
preferably is adjacent to the layer of the other polymer. Application of the polyamide layer 
and the layer of the other polymer as adjacent functional layers directly connected to each 
other or connected by an adhesive layer has been found to yield a flat film of highly 

20 uniform thickness also at the edges of the film. The layers may thus be directly adjacent to 
each other but an adhesive layer may also be present between the layers. Adhesive layers 
between the polyamide and the other polymer are also applied according to the state of 
the art and thus are known per se. Such known adhesive layers may also be applied in the 
process according to the invention. The same applies to materials that can be admixed in 

25 the other polymer in order to promote adhesion to the polyamide layer. If polyethylene is 
used as polymer for the other layer, suitable materials for an adhesive layer are for 
example modified polyolefins, such as LDPE, LLDPE, metallocene PE, polyethylene-vinyl 
alcohol, polyethylene-acrylic acid, polyethylene-methacrylic acid and polypropylene, that 
are grafted with at least a compound chosen from the group of ot,p-unsaturated 

30 dicarboxylic acids, for example maleic acid, fumaric acid and itaconic acid and anhydrides, 
acidic esters, acidic imides and acidic imines thereof. Modified copolymers of ethylene and 
the aforementioned dicarboxylic acids may also be applied as adhesive layer in the 
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manner indicated. 

If the layers are directly adjacent to each other, the layer of the other 
polymer preferably consists of a mixture of that polymer and a material described above as 
being suitable as an adhesive layer in order to promote adhesion between the layer of the 
5 other polymer and the polyamide. In case polyethylene is the other polymer the 
aforementioned modified polyolefin preferably is present in the mixture as adhesion 
promoter. 

The polyamide layer may also be adjacent to a layer of the other polymer 
on two sides, for example an LDPE layer, and the other way round. The formed film then 

1 0 has for example a PA-LDPE-PA or LDPE-PA-LDPE sandwich structure. 

Besides the mentioned layers, one or more other functional layers may 
also be placed over the polyamide layer or the layer of the other polymer, it being 
preferred for the the polyamide layer and the layer of the other polymer to be adjacent to 
each other. Other layers often used in multilayer flat film are those which consist of for 

1 5 example ethylene-vinylalcoho! and ionomers. 

The total thickness of multilayer films that are produced in practice as 
multilayer flat film and are also produced by the process according to the invention is 
between 20 and 300 |j,m. In the process according to the invention the layer of the other 
polymer, for example the polyethylene layer in the multilayer flat film, preferably has a 

20 thickness of at least 10 urn. The upper limit of the thickness is given by the intended 

application and the properties required therefor and extends in practice to approx. 100 jim. 
The branched-polyamide layer has a thickness of at least 2 urn and preferably of at least 
20% of the thickness of the polyolefin layer, up to a maximum of 1 50, preferably 100 ^m. 
Any other layers present have such thicknesses that they are able to perform their 

25 intended function during the production process or in the multilayer flat film to be formed. 

The production rates applied in the process according to invention prove 
to be able to be chosen higher than when the conventional non-branched polyamide is 
used. Rates up to a factor of 2 or even 4 higher than when non-branched polyamide is 
used have proved possible in the process according to invention, which thus has a 

30 markedly larger operating window than the known process. 

The invention further reltates to a multilayer flat film containing a 
polyamide layer and a layer of another polymer, wherein the polyamide layer is essentially 
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formed from an intrinsically gel-free, randomly branched polyamides as defined 
hereinbefore. This multilayer film combines a high degree of smoothness and is gelfree. 

The invention will be elucidated with reference to the following examples 
and comparative experiments. 

5 

Experimental set-up and procedure 

A five-layer flat film made up of 30 |o.m polyethylene/5 jim adhesive 
layer/30 jim polyamide/5 |im adhesive layer/30 jxm polyethylene was produced. As 
polyethylene use was made of an LDPE with a Melt Flow Index of 4.4 g/10 min, as 

10 adhesive layer Yparex™ 0H042, an MZA-modified LLDPE. As non-branched nylon use 
was made of Akulon F 132-E (relative viscosity 3.2), as branched polyamide a polyamide 
made from 97 parts by weight of caprolactam, 0.62 part by weight of bis-hexamethylene- 
triamine, 0.42 part by weight of adipic acid and 0.71 part by weight of benzoic acid with a 
relative viscosity in formic acid of 2.80, as polymer. This polymer was post-condensed in 

15 the solid phase to a relative viscosity of 2.95 and provided with grafting agent and 
lubricant. 

The film was produced in an extrusion line equipped with a single 60 mm 
extruder for melting and extruding the polyamide and with two 45 mm extruders for melting 
polyethylene and the adhesive layer, respectively. In the extruders an ascending 
20 temperature profile was maintained, ascending for the nylon from 21 5 to 280°C, ascending 
for the polyethylene from 170 to 230°C and ascending for the adhesive layer from 170 to 
210°C. The outlet of the extruders was connected to a black box wherein the molten 
polymers where supplied in the indicated layer configuration to a die having five parallel, 
rectangular slits approx. 125 cm wide. The die temperature was 280-290°C. 

25 

Comparative Experiment A 

A five-layer film was produce in the manner described above at a 
production rate of 7.5 m/min and with a width of 1 15 cm. The non-branched polyamide 
was used as polyamide. Virtually no polyamide proved to be present over a distance of 
30 approx. 1 3 cm on both sides of the film. 
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Examples Mil 

Comparative Experiment A was repeated except that the branched 
polyamide was used as polyamide. The production was successively set to 7,5, 15 and 30 
m/min. The polyamide in the produced proved to be present across virtually the full width 
5 of the film. 

Comparative Experiment B 

The example with the production rate of 30 m/min was repeated with the 
non-branched polyamide under the same conditions as the branched polyamide. The 
10 stability of the process diminished and no polyamide proved to be present along the edges 
over a width of 1 3 cm. 
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